Introduction
Occupational injuries and illnesses represent an important health and economic cost in the United States. The US Department of Labor recorded more than six million cases of reportable occupational injuries and illnesses in 1987, including more than 50 million lost work days.1 Health and economic consequences for individual workers due to occupational disorders range from trivial to devastating.
Epidemiologic study of occupational disorders has been hindered by the lack of a comprehensive reporting system providing reliable and consistent statistics. 2 The Occupational Safety and Health Act of 1970 attempted to address this problem by mandating the nationwide collection and analysis of statistics on occupational illnesses and injuries meeting specified reporting criteria. 3 The act defines an occupational injury as a disorder that results from an instantaneous exposure (e.g., an impact or fall) occurring in the work environment. Disorders resulting from work exposures that are not instantaneous are considered illnesses. Reporting is mandatory for all cases of occupationally related deaths, all occupational illnesses, and those occupational injuries meeting at least one of four reporting criteria; 1) injuries requiring medical treatment other than first aid, 2) restriction of work or motion, 3) termination or transfer to another job due to the injury, and 4) loss of consciousness. 3 Each reportable case (and associated lost or restricted work days) is recorded in the company Occupational Safety and Health Administraiton (OSHA) 200 
Reliability of SDS Classification
We received 1,117 OSHA 101 or equivalent state workers' compensation forms from a random 50 percent sample of OSHA 200 cases from 1984, as reported previously.5 Of these, a random sample of 150 forms was submitted to the CDIR without data on the nature, type, source, and body part involved that could identify the person or the company. The initial classifications were stored and the forms were resubmitted without identifying data for repeat classification. The CDIR nosologists received the materials in batches and were not aware that some ofthe forms had been previously classified. Reliability was calculated as the kappa statistic.6 Statistical analysis was conducted on a VAX 11/750 computer using the Statistical Analysis System (SAS) software package.7
Results
Sixteen sites, representing 66,968 employees, were selected for review. Six sites were not included because they did not have daily clinic logs or supporting records for 1984 suitable for participation in this study, leaving 10 sites representing plants in six states distributed across the US. These 10 sites consisted of seven from the stratum of 10 large case contributors and three from the stratum of six facilities representing the remaining sites.
We reviewed 416 randomly selected work-related cases from the clinic logs. Personal employee health charts were available in 249 (60 percent) ofthese cases. These records were not available in the remaining cases because ofthe inability of the companies to locate the records because of loss, transfer, or termination of the employee. 
Of the 40 reportable cases that were not recorded on company OSHA 200 logs, 25 (63 percent) were classified by the abstracter as reportable injuries, 9 (23 percent) were occupational illnesses, and 6 (15 percent) were reportable indeterminate cases. The most common reportability criteria among the injury and indeterminate cases were use of medical therapy other than first aid (24 cases) and restriction ofwork or motion (8 cases). All of the 9 unreported occupational illnesses represented skin disease cases.
Reliability of SDS Classification
The reliability of classification by the CDIRwas calculated as the kappa statistic and varied from .82 for type of condition to .93 for affected body part ( Table 2 ). There was little variation in the kappa values between categories within nature, part, type, and source variables.
Discussion
Occupational morbidity imposes an important health and economic burden on individual workers, employers, and society. Primary prevention plays an important role in minimizing this burden. Preventive measures, although generally more cost-effective than treatment, require directed use of resources, and accurate epidemiologic information is needed to guide the application ofthese resources. The BLS report of occupational injuries and illnesses offers the only nationwide statistics for occupational injuries and illnesses based on standardized reporting criteria. We report the results of our evaluation of reporting completeness within a large and important industry and the reliability of coding for case description data by a state agency participating in the SDS.
A major goal of this study was to evaluate the reporting completeness for conditions that the employer considered work related. Cases that were not recognized as work relatedwould not In the early 1980s OSHA implemented a site-inspection policy that focused inspections away from establishments that reported low injury rates, raising concern that this policy may promote underreporting. However, examination of these factors and estimation of the true rate of occupational injury and illness would have required active surveillance to capture true cases that would otherwise be undetected and were beyond the scope of this study.
Our findings suggest that the BLS data significantly underestimate incidence of occupational injuries and illnesses. If the 60 percent reporting completeness we observed for conditions recognized by the employer aswork related is representative of other industries, the incidence may be nearly 70 percent higher than reported. The underestimation is most significant for occupational illnesses, forwhich the 44 percent reporting completeness we observed suggests that the incidence may be almost 130 percent higher than reported.
The true incidence of occupational conditions is likely to be significantly higher, because the estimates calculated above are based upon observed reporting of conditions recognized by the employer as work related.
Among Information bias may also have affected our observed results. Personal employee health charts to supplement data contained in the clinic log were not available for approximately 40 percent of the 416 cases selected for review. Although the clinic logs were generally the most helpful sources of information, personal employee health charts could have contained information indicating a reportable condition. By not reviewing all of these, we may have overestimated reporting completeness. Reporting completeness for occupational illnesses may have been overestimated because indeterminate cases were considered reportable only if they met reporting criteria for injuries. In other words, some indeterminate cases not meeting reporting criteria for injuries may have actually been illness cases but would not have been recognized and classified as reportable in this study. In addition, we presumed that reporting criteria were absent unless they were specifically noted as present; incomplete or incorrect medical record entries could have contributed to erroneous classification with respect to reportability.
Although the influence of these potential biases is difficult to quantify, the data indicate that significant underreporting for occupational disorders, especially illnesses, occurred in the semiconductor manufacturing industry. The increased underreporting for occupational illnesses is significant because the semiconductor manufacturing industry is chemically intensive,8,9 and illnesses represent a greater proportion of OSHA-reportable cases in this industry than in the manufacturing sector in general. 10 vestigation by Blanc and coworkers14 evaluated the usefulness of occupational illness surveillance using Poison Control Center data. These investigators suggested that the true incidence of occupational illness is three to five times current estimates. Thus, significant underreporting is likely to occur in other manufacturing industries, and a review of underlying causes and possible remedies discussed here may be valuable for industry groups not represented in this investigation.
We also observed misclassification of occupational illnesses as injuries. This phenomenon illustrates important inconsistencies in the OSHA 200 reporting system. Specifically, all occupational illnesses must be reported under the system, regardless of severity, whereas occupational injuries are reported only if they meet specific criteria reflecting severity. Furthermore, classification ofillness or injury depends on the exposure leading to the condition. If the exposure was "instantaneous" (a time period defined only by examples of a fall or blow in BLS reporting guidelines), the condition is viewed as an injury. Conditions resulting from all other (i.e., noninstantaneous) exposures are considered illnesses.
Thus, classification of injury and illness in the OSHA system is based on duration of exposure instead of on a biological index such as the nature or severity of the medical condition. Persons unfamiliar with this classification system might use a more biologic and intuitive approach and classify certain illnesses, such as repetitive trauma disorders or chemical bums, as injuries. In addition, the duration of exposure may not be precisely known, and reporting completenes will depend on the interpretation of incomplete or equivocal exposure information by the companies' reporting personnel. However, the majority of underreported or misclassified cases reported here were not equivocal; underreporting appeared due to inconsistent use of published reporting criteria addressing the clinical features of the case.
In spite of the limitations of this study, we have made several valuable observations on which to base specific recommendations. The OSHA data require company personnel at each facility to make case evaluation and classification decisions. Within an industry, the large number of facilities contributing cases introduces the potential of variable reporting practices between facilities, contributing to variability in the quality of the data. In contrast, the coding of clinical data entering the SDS is performed by a small number of trained personnel in a central state office. Our findings indicate that this practice is associated with high reliability of coding for clinical data. It would be impractical to submit all work-related cases to a central office for determination of reportability, and this responsibility is likely to remain at the level of designated personnel at each facility. Reporting practices may be improved and made more uniform by focusing educational measures on these personnel. Education should emphasize recognition of occupational illnesses, for which underreporting was most significant in this study.
We recommend that recording personnel use a formal, stepwise process that forces response to the following pertinent questions to determine reportability of occupational conditions. * Was the exposure instantaneous (e.g., a fall or a blow)? All cases for which the exposure was not instantaneous are reportable as occupational illnesses. Cases for which the exposure was instantaneous are injuries; the following additional questions must be addressed to evaluate their reportability.
* Was medical treatment other than first aid required, as defined in BLS reporting guidelines?
* Was restriction of work or motion involved that interfered with normal work activities?
* Was there loss of consciousness? * Was the employee transferred or terminated due to the condition? If the answer to any of the last four questions is affirmative, the injury is reportable. Regular review of selected cases would help assure consistency and validity of results.
We also recommend that studies evaluating reporting practices be conducted in other industrial sectors. These studies would expand the findings of the investigation reported here and provide a more broadly based picture of the accuracy of national occupational injury and illness data based on the OSHA 200 log. Studies focused on specific occupational conditions should also be undertaken to evaluate the completeness and accuracy of reporting for the OSHA 200 system using independent data sources, such as cancer registries, workers' compensation records, hospital discharge data bases, 
